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Abstract

KucovVA L., ZAHORA J., POKLUDA R. (2016): Effect of mycorrhizal inoculation of leek Allium porrum L. on min-
eral nitrogen leaching. Hort. Sci. (Prague), 43: 195-202.

This study evaluated the influence of the arbuscular mycorrhizal fungi (AMF) inoculation of leek (Allium porrum L.)
on the leaching of ammonia and nitrate nitrogen from the experimental pots filled with either sterile or non-sterile soil
mix, consisting equally of the arable soil and horticultural substrate. Leek plants were inoculated by Funneliformis mos-
seae, Claroideoglomus claroideum, Rhizophagus intraradices and by their combinations. Based on the obtained data, it
can be concluded that: (a) the influence of AMF on nitrate leaching does not follow some simple rules, (b) the amounts
of percolating nitrates can be affected also by sterilization and by the combination of AMF inocula, (c) AMF can, in
general, reduce the nitrate leaching from soil even though mycorrhizal colonization of roots did not achieve extremely
high rates. These conclusions may be useful in the horticultural practice and ecological sustainability of the soil quality.
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Nitrogen (N) is a key nutrient, which can limit
productivity of any ecosystem. Soil N availability
has been investigated extensively, and the study of
the soil N cycle has become major component of
the ecosystem ecology (VERESOGLOU et al. 2012).
The sustainability of agricultural ecosystems de-
pends on techniques that reduce NO; losses and
provides benefits for soil and for producers (Ga-
BRIEL et al. 2012). These could be techniques like
the use of selected cover crops, crop rotation on
fields and optimizing N fertilizer applications
(JEGo et al. 2012) or techniques which substitute

mineral N fertilizers with N input via diazotrophs.
Recent studies demonstrated that N availability in
mycorrhizosphere depends not only on the activi-
ties of microbial populations, but also on their mi-
crobial grazers (i.e. protozoa, nematodes) (IRSHAD
et al. 2013). Consequently, the availability of N in
the soil and the movement of unutilized mineral N
downstairs are controlled synergistically by many
living soil organisms (Kuzyaxov, Xu 2013). In this
way the presence of nitrate N in leachates or in per-
colated soil solutions can be interpreted as the in-
sufficiency of the whole soil-microbe-plant system
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to effectively use or immobilize such an attractive
mineral N compound (JOHNSON, REUSS 1986).
Arbuscular mycorrhizal fungi (AMF) are natively
present in the soil and create a mutualistic sym-
biosis with a huge amount of plants from which
both partners profit. The main benefit for plant
is an increase of plant nutrient uptake, especially
P and N, and a better water intake by plant roots
(SmriTH, READ 1997, 2008). AMF can also positive-
ly stimulate plant growth, increase photosynthesis
and stimulate disease and pest resistance as well as
osmotic diffusion under drought stress conditions
(OzTEKIN et al. 2013). In return, up to 20% of plant-
fixed carbon is transferred to the mycorrhizal fun-
gus depending both on the physiological status of
its host plant and on the plant — AMF relationship
(PARNISKE 2008; SMITH, READ 2008). Despite the
fact that mycorrhizal symbiosis can improve a lot
of factors, a number of key questions still must be
answered (BENDER et al. 2015; VAN DER HEIJDEN et
al. 2015). Based on the research on the role of AMF
in plant N nutrition it has been suggested that
AMF can also enhance plant N acquisition (MAT-
SUMURA et al. 2013). Nevertheless, our molecular
knowledge regarding the metabolic and transport
pathways involved and their regulatory mecha-
nisms are still rudimentary (Tian et al. 2010).
Leaching of N . represents one of the key threats
to environmental sustainability in agriculture.
The most dangerous forms are nitrates (NO; -N)
for their negative charge and for their mobility in
the soil environment. It is a well-known fact that
mineral N from the arable land can quickly con-
taminate surface water and also underground
sources of drinking water (NEUMANN et al. 2012).
While many studies have focused on the nutrient
uptake, relatively few have considered that various
AMEF could also contribute to the different reduc-
tion of N losses. Therefore, the objective of this

Table 1. Basic characteristics of the experimental soil

experiment was to confirm the decrease of nitrate
leaching effect by AMF.

MATERIAL AND METHODS

Experimental design. To determine losses of
the mineral N from soil via leaching, the simple
field pot experiment was established. The experi-
mental soil was prepared as a mixture of arable
soil with horticultural substrate (vol/vol ratio 1:1;
basic characteristics of both are summarized in
Table 1). After appropriate pre-incubation time —
2 weeks under constant soil temperature (25°C),
the soil samples were inoculated by different types
of AMF species. Soil sterilization (at 80°C for 24 h
in a laboratory dryer) was done primarily to in-
activate naturally occurring mycorrhizal fungi
for non-mycorrhizal control treatments and sec-
ondly to allow colonization of the sterile soil en-
vironment (treatment A) by the selected inocula
of AMF spores. Non-sterile soil mix was left un-
treated (treatment B). Pot experiment was estab-
lished in the experimental facility of the Faculty of
Horticulture in Lednice, Mendel University Brno.
Leek (Allium porrum L.), cv. Terminal, was chosen
as a well-suited model plant. Leek plants were pre-
cultivated in the multi-trays (cell size 20 x 20 mm)
in a greenhouse for 2 months (from April to June).
The 1.0 g of AMF inoculum was added to each leek
seed at sowing to the each cell. Leek plants for the
combined treatment were inoculated by a mix-
ture of 0.5 g + 0.5 g of selected AMF inocula. Af-
ter two months of pre-cultivation the plants were
transferred to the containers (volume of 2 dm?).
Leek plants grew under the same conditions till
the harvest time (beginning of October). Twelve
weeks after planting all plants were destructively
harvested.

Monitored parameter Unit Value Monitored parameter Unit Value
N-NH, mg/kg 3.64 humus % 1.75
N-NO, mg/kg 0.03 Mg mg/kg 440
N-NO, mg/kg 1.20 K mg/kg 280

N . mg/kg 4.87 Ca mg/kg 2.930
P mg/kg 113 pH 6.44
C % 1.02
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Table 2. Experimental setup of the treatments — abbreviations

Sterile

Type of treatment

substrate (A)

Non-sterile substrate (B)

R. intraradices A-RI B-RI
C. claroideum A-CC B-CC
E mosseae A-FM B-FM
R. intraradices + C. claroideum A-RI+CC B-RI+CC
C. claroideum + E mosseae A-CC+FM B-CC+FM
R. intraradices + F. mosseae A-RI+FM B-RI+FM
Control A-C B-C

Fungal material. This experiment used three
strains of the AMF inocula and their three combi-
nations and also the non-inoculated control treat-
ment. Symbiom Ltd., Czech Republic supplied all
the AMF inocula. The exact strains of AMF used in
the experiment were: Funneliformis mosseae BEG 95
(T.H. Nicolson & Gerd.) C. Walker & A. SchifSler
2010, Claroideoglomus claroideumm BEG 210
(N.C. Schenck & G.S. Sm.) C. Walker & A. SchiifSler,
Rhizophagus intraradices BEG 140 (N.C. Schenck
& G.S. Sm.) C. Walker & A. Schiifiler (SCHUSSLER
2010). All the AMF inocula were mixed with dry ze-
olite to ensure better application. Table 2 shows the
experimental setup of the treatments. Treatments
compared 10 leek plants from containercultivation.
Overall, there were 14 different treatments used in
the whole experiment, so the pot experiment con-
tained the total of 140 plants.

Evaluation of leaching of mineral nitrogen.
Mineral nitrogen (NHZ—N and NO;-N) leaching
from the soil was captured by special discs with
mixed ion exchange resin (IER), which were located
under each experimental container (Figs 1 and 2).

The discs were made from plastic Petri dishes
(PD). The outer part of PD was 90 mm in diam-
eter and 10 mm high. There was a small hole cre-
ated on a bottom side of inner dishes, where there
was subsequently glued a nylon mesh (grid size of
0.1 mm) to ensure controlled percolation through
IER. Mixed IER (Cation [Purolite C100E] and Ani-
on [Purolite A520E] Exchange Resin at volume ra-
tio 1:1) were then placed onto the inner PD dishes.
For the quantification of N . trapped by the resin,
the IERs were allowed to dry at room temperature.
The trapped N_. was then extracted from resin us-
ing the 100 ml of 1.7 M NaCl. The released N . was
determined by distillation and titration method.
The results obtained by extraction from the IERs
were expressed as mg N ./ dm? of soil.
Measurement of the root colonization. After
the harvest of leek plants, the roots were sepa-
rated from the soil and thoroughly washed using
tap water. Then, the treated roots were stained by
a modified Trypan blue method (PHiLLIPS, HAY-
MAN 1970). After staining, the colonization was de-
termined by a modified gridline intersect method

| Soil solution NH*-N and NO;-N |

IER

First dish

r' g

Second dish

Fig. 1. Schematic illustration showing

= =

the percolation of soil solution and the

Soil solution without NH ;-N

trapping of mineral nitrogen
IER - ion eexchange rresin
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A piece of ffne nylon mesh
covering the hole

(GIOVANNETTI, Mosse 1980). Root colonization
was expressed as a percentage of infection of AMF
in root cortex.

Statistical analyses. Differences in the amount of
leached mineral nitrogen and root colonization by
AMEF were evaluated by one-way analysis of variance
(ANOVA) in combination with the Tukey’s HSD
test. All analyses were performed by Statistica 12,
Inc., (Statsoft.com).

RESULTS AND DISCUSSION
Leaching of mineral nitrogen

Even though the relationship between AMF and
nitrogen leaching has not been thoroughly studied
(VEREsOGLOU et al. 2012), the leaching of N .
is a mechanism of a great ecological relevance
(SCHIMEL, BENNETT 2004).

The applied method of trapping mineral N from
percolating soil solution into the structure of ion
exchange resin offers the following advantages:
it (a) enables simulation of the real horticultural
cultivation during the whole experiment and (b)
minimizes reverse microbial immobilization from
the once-trapped -N . , because ions trapped into
IER are present there in the form which is hardly
available for the microorganisms (BINKLEY, MAT-
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The first petri dish inside
second with perforated bc

Fig. 2. Preparation of the plastic Petri dishes with
a mixed ion exchange resin

Table 3. Ammonia nitrogen leaching from experimental
pots as related to various mycorrhizal inoculation and
sterilization treatments of soil mix

Substrate Treatment (mg NH?‘—]IiIr/afriﬂ £ SD
A RI 0.767* + 0.937
B RI 0.653* £ 0.924
A CC 0.391* £ 0.151
B CC 0.475* £ 0.287
A FM 0.824* + 0.905
B EM 0.434* £ 0.311
A RI + CC 0.601* + 0.161
B RI+ CC 0.570* + 0.424
A CC+FM 0.429* + 0.122
B CC+FM 0.546 + 0.497
A RI + FM 0.384* £ 0.191
B RI + FM 0.460* £ 0.133
A C 0.524* + 0.252
B C 0.744* £ 0.221

susbrate: A sterilized, B non sterilized; mean values + means
standard deviation, n = 5, ANOVA, values within a column
followed by different letters differ significantly (P < 0.05)
based on the Tukey’s HSD test; treatments — see Table 2
for abbreviations
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Table. 4. Root colonization by AMF (%)

Average (Root colonization

Substrate Treatment by AME (%)) + SD
A RI 40.8° + 16.7
B RI 45.3° + 18.6
A cC 35.8% +20.1
B cC 35.5% +10.7
A FM 45.5° + 20.4
B M 66.7¢ + 10.6
A RI + CC 49.0° + 10.3
B RI + CC 40.3" +11.9
A CC+EM 55.2° + 12.7
B CC+EM 29.7% + 4.8
A RI + FM 46.8° + 22.7
B RI + FM 44.5°+ 8.4
A C 10.1° + 4.5
B C 36.5%" + 8.8

susbrate: A sterilized, B non sterilized; treatments — see
Table 2 for abbreviations; mean values + means standard
deviation, n = 5, ANOVA, values within a column followed
by different letters differ significantly (P < 0.05) based on
the Tukey’s HSD test; AMF — arbuscular mycorrhizal fungi

SON 1983). Microbial immobilization could in fact
represent up to one third or even one half of the
amount of soil mineral N in the course of one day
(BURGER, JAcKksON 2003) and this has to be other-
wise prevented by immediately collecting leachates
from the pots and storing them in a freezer before
they are analysed for mineral nitrogen in the labo-
ratory.

The concentration of NH;-N in the leachate was
very low and did not differ significantly between
any of the experimental treatments (Table 3).
Leaching losses of NH, -N fluctuated in a quite nar-
row range of 0.384 mg NH;’—N/dmg, for the treat-
ment of sterile soil mix with leek plants inoculated
simultaneously by FE mosseae and by R. intraradi-
ces, up to 0.824 mg NH;'—N/de’ at the treatment
of sterile soil mix with leeks inoculated by E mo-
sseae. It should be taken into account that our con-
trol treatment does not represent a “pure” non-
mycorrhizal treatments — the control leek plants
were inoculated unintentionally by unknown prop-
agules during the pre-cultivation procedure from
soil substrate (Table 4: root colonization by AMF

doi: 10.17221/182/2015-HORTSCI

of the sterilized treatment A-C reached 10.1% and
non-sterilized B-C 36.5%). Root colonization in the
sterile soil mix treatment A-C (10.1%) may be due
to contamination of the substrate during the culti-
vation of plants; note, however, that for the latter
case, the root colonization is very low. There were
at least two main reasons for only little ammonium
N amount in the leachates from our experimental
pots; first, because of relatively low mobility of am-
monia cations in soils generally, and second, be-
cause of low amount of NH,-N in the soil mix at
the beginning of the experiment (3.64 mg/kg; Ta-
ble 1).

Although only a few studies investigated the ef-
fects of AM colonization on N under nursery con-
ditions, FATIMA et al (2006) showed decreased
leaching of NH;-N from mycorrhizal plants of En-
celia californica (California sunflower) (CorDIKI
et al. 2011). Similarly, low amounts of NH;-N in
leachates were measured in a microcosm-based
study with a mycorrhizal defective tomato mutant
(0.035 mg NH;-N/dm®) and its mycorrhizal wild-
type progenitor (0.029 mg NH-N/dm®) by As-
GHARI, CAVAGNARO (2012). However, there is only
a limited possibility to compare the results, because
the columns used in their work were flushed with
water only once, which is ten weeks after planting
tomato plants at the end of the experiment.

Leaching of N in the form of nitrates is an impor-
tant pathway of N-loss from soil or soil microsite in
the sense of SCHIMEL, BENNETT (2004). According
to VERESOGLOU et al. (2012), individual organisms
coexisting in a given system of plant, AMF and
rhizosphere microorganisms, can reduce N-leach-
ing simply by reducing the amount of leachate as
a result of the enhanced evapotranspiration, faster
soil-drying, and by improving the water holding
capacity of soil in the mycorhizosphere. Moreover,
the efficient uptake of inorganic N recorded for
AM plants should result in a decrease in the lev-
els of inorganic N in the soil solution as well as in
a decline in N-losses through leaching in the AM
mycorrhizosphere.

The content of NO;-N in our soil mix at the
beginning of the experiment was even lower
than that of NH;-N (1.20 versus 3.64 mg/kg, Ta-
ble 1). Nevertheless, this value is not crucial for
the nitrate leaching, because the latter process is
determined by both above-mentioned factors as
well as by the interactions between microorgan-
isms and plant roots in the rhizosphere (Kuzya-
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Table 5. Nitrate nitrogen leaching from experimental pots
across various mycorrhizal inoculation and sterilization
treatments of soil mix

Substrate Treatment (mg NO?\—/IQ\;/?;S] +SD
A RI 0.142%4 + 0.0920
B RI 0.1122*¢ + 0.0990
A cC 0.050% + 0.0133
B cC 0.060* + 0.0090
A M 0.315%4 + 0.0850
B EM 0.282°4 + 0.1500
A RI-CC 0.437° + 0.2500
B RI-CC 0.384"4 +0.1260
A CC-FM 0.083% + 0.0380
B CC-FM 0.092% + 0.0440
A RI-FM 0.261%"4 + 0.0390
B RI-FM 0.335"4 + 0.1140
A C 0.337°4 + 0.1070
B C 0.397¢ + 0.2330

treatment: A — sterile, B — non sterile; treatments: mean
values + means standard deviation, n = 5, ANOVA, values
within a column followed by different letters differ signifi-
cantly (P < 0.05) based on the Tukey’s HSD test; treatments
— see Table 2 for abbreviations

Kov, XU 2013). Leaching losses of NO;—N from
our experimental pots fluctuated in a range prac-
tically from zero (0.05 mg NO;-N/dm?) for the
treatment of non-sterile soil mix with leek plants
inoculated by C. claroideum, up to 0.437 mg
NO;-N/de, for the treatment of sterile soil mix
with leek inoculated simultaneously by R. intra-
radices and by C. claroideum. In fact, these values
of the leached nitrate-N reached only half of the
values of leached NH,-N. The values close to zero
at the treatment B-CC (0.060 mg NO;-N/dm?),
A-CC (0.050 mg NO;-N/dm®) and A-CC+FM
(0.083 mg NO;—N/dm3) represent the main sig-
nificant differences between them and the treat-
ments of A-RI+CC (0.437 mg NO;-N/dm?), B-
RI+CC (0.384 mg NO;-N/dm?) and B-C (0.397 mg
NOS‘—N/dm3) (Table 5). However, if we compare
our low values of nitrate leachates with the simi-
lar results obtained by e.g. (PLOSEK et al. 2014) of
the order of units of mg NO;—N, there is no rea-
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son to overestimate the results from our statistical
analyses. Nevertheless, we can conclude, that our
results of the NO;-N leaching from the AM plants
with one inoculum were in all six treatments low-
er than that obtained in control treatments. Inter-
estingly, the simultaneous inoculation with two
inocula of R. intraradices and C. claroideum in
both soil mixes were followed by higher leaching
of NO;-N when compared to control treatments
in sterile and non-sterile conditions.

Root colonization

The root colonization by AMF could be very dif-
ferent and variable, such as in the experiment with
Nicotiana tabacum where the mean root coloni-
zation was 11%, varying from 2% to 28% (COSME,
WuURrsT 2013). Our results showed few statistical
differences between the treatments B-FF (66.7%)
and A-C (10.1%) (Table 5).

Leek plants growing in the control treatment
with sterile soil mix had the lowest root coloniza-
tion compared to the other tested treatments (A-C
10.1%). The experiment expects that some percent-
age of the root colonization by AMF will occur in
the sterile soil mix, due to contamination from the
cultivation conditions. The highest root coloniza-
tion was observed at the treatment B-FM (66.7%),
(Table 5). It is apparent that the influence of steri-
lization of soil mix was not very important. Similar
conclusions for the higher differences between the
root colonization are brought by the experiment
with 4 species of the AMF and their interactions
with T. harzianum (MARTINEZ-MEDINA et al.
2011). Each of the AMF used in this experiment,
had different percentage of root colonization (i.e.
G. constrictum 35-45%, R. intraradices 8—38%).
These data show that root colonization was re-
lated to numerous interactions between the AMF
genotype, soil structure, and also to the interac-
tions between the host plant (TAJINT et al. 2012). In
our work, in spite of the expected low colonization
in the sterile substrate, the recorded data showed
higher values of the root colonization also for some
sterile treatments. It may be an example of the fact
that the AMF added to the sterile substrate have
been developed better and rapidly than the same
AMEF in non-sterile substrate treatment. The AMF
in the non-sterile substrate could have been limited
by naturally occurring AMFE.
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CONCLUSION

This paper has shown that AMF inoculation can
reduce nitrate losses from the soil, and that the rate
of this reduction depends on the different type of
inoculum and different inocula combinations. The
nitrate losses from the soil were generally low, lower
than 0.5 mg NO; -N/dm? throughout the duration of
the experiment. Despite the low values of leached ni-
trates it was found that the non-sterile treatment with
C. cla-roideum reduced NO;-N by 84.9% when com-
pared with the non-sterile control treatment. From an
agricultural perspective, this experiment may be valu-
able not only for the fact that it was focused on the po-
tential of arbuscular mycorrhiza to reduce the nitrate
leaching from soil, but also because it gave support
for the usage of the AMF to improve soil conditions
in agronomic industry and also better utilization of
plant nutrients from the soil.

References

Asghari H.R., Cavagnaro T.R. (2012): Arbuscular mycor-
rhizas reduce nitrogen loss via leaching. In: M. Moora,
(ed.) PloS one, 7.

Bender S.F,, Conen F.,, Van Der Heijden M.G.A. (2015): Myc-
orrhizal effects on nutrient cycling, nutrient leaching and
N,O production in experimental grassland. Soil Biology
and Biochemistry, 80: 283-292.

Binkley D., Matson P. (1983): Ion exchange resin bag method
for assessing forest soil nitrogen availability. Soil Science
Society of America Journal, 47: 1050-1052.

Burger M., Jackson L.E. (2003): Microbial immobilization of
ammonium and nitrate in relation to ammonification and
nitrification rates in organic and conventional cropping
systems. Soil Biology and Biochemistry, 35: 29-36.

Cosme M., Wurst S. (2013): Interactions between arbuscular
mycorrhizal fungi, rhizobacteria, soil phosphorus and plant
cytokinin deficiency change the root morphology, yield and
quality of tobacco. Soil Biology and Biochemistry, 57: 436—443.

Fatima Z., Zia M., Chaudhary M. (2006): Effect of Rhizobium
strains and phosphorus on growth of soybean Glycine max
and survival of Rhizobium and P solubilizing bacteria.
Pakistan Journal of Botany, 38: 459-464.

Gabriel J.L., Munoz-Carpena R., Quemada M. (2012): The
role of cover crops in irrigated systems: Water balance,
nitrate leaching and soil mineral nitrogen accumulation.
Agriculture, Ecosystems & Environment, 155: 50—61.

Giovannetti M., Mosse B. (1980): An evaluation of techniques
for measuring vesicular arbuscular mycorrhizal infection
in roots. New Phytologist, 84: 489-500.

doi: 10.17221/182/2015-HORTSCI

Van Der Heijden M.G.A., Martin M.F,, Selosse M.A., Sanders
LR. (2015): Mycorrhizal ecology and evolution: the past,
the present, and the future. New Phytologist: 205.

Irshad U., Villenave C., Brauman A., Khan S.A., Shafinq S.,
Plassard C. (2013): Nitrogen and phosphorus flow stimu-
lated by bacterial grazer nematodes in mycorrhizosphere
of pinus pinaster. International Journal of Agriculture and
Biology, 15: 1265-1271.

Jégo G., Sdnchez-Pérez .M., Justes E. (2012): Predicting soil
water and mineral nitrogen contents with the STICS model
for estimating nitrate leaching under agricultural fields.
Agricultural Water Management, 107: 54—65.

Johnson J.O., Reuss D.W. (1986): Acid deposition and the
acidification of soils and waters. Journal of Environment
Quality, 17: 514.

Kuzyakov Y., Xu X. (2013): Competition between roots and
microorganisms for nitrogen: mechanisms and ecological
relevance. The New Phytologist, 198: 656—69.

Martinez-Medina A., Roldan A., Pascual J.A. (2011): Interac-
tion between arbuscular mycorrhizal fungi and Trichoderma
harzianum under conventional and low input fertilization
field condition in melon crops: Growth response and
Fusarium wilt biocontrol. Applied Soil Ecology, 47: 98—105.

Matsumura A., Taniguchi S., Yamawaki K., Hattori R., Tarui
A., Yano K., Daimon H. (2013): Nitrogen uptake from
amino acids in maize through arbuscular mycorrhizal sym-
biosis. American Journal of Plant Sciences, 4: 2290—2294.

Neumann A., Torstensson,G., Aronsson H. (2012): Nitro-
gen and phosphorus leaching losses from potatoes with
different harvest times and following crops. Field Crops
Research, 133: 130-138.

Oztekin G.B., Tuzel Y., Tuzel I.H. (2013): Does mycorrhiza
improve salinity tolerance in grafted plants? Scientia Hor-
ticulturae, 149: 55-60.

Parniske M. (2008): Arbuscular mycorrhiza: the mother of
plant root endosymbioses. Nature Reviews. Microbiology,
6: 763-75.

Phillips J.M., Hayman D.S. (1970): Improved procedures
for clearing roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of
infection. Transactions of the British Mycological Society,
55:158-161.

Plosek L., Hynst J., Zdhora J., EIblJ., Kyntl A., Charousova L.,
Kovécsova S. (2014): Mineral nitrogen retention, nitrogen
availability and plant growth in the soil influenced by addi-
tion of organic and mineral fertilizers — lysimetric experi-
ment. International Journal of Biological, Biomolecular,
Agricultural, Food and Biotechnological Engineering, 8:
827-831.

Schimel J.P.,, Bennett J. (2004): Nitrogen mineralization:
challenges of a changing paradigm. Ecology, 85: 591-602.

201



Vol. 43, 2016 (4): 195-202

Hort. Sci. (Prague)

doi: 10.17221/182/2015-HORTSCI

Schifller A.W.C. (2010): The Glomeromycota. A specieslist
with new families and new genera. Royal Botanic Garden
Edinburgh.

Smith S.E., Read D.J. (1997): Mycorrhizal Symbiosis. 2" Ed.,
Amsterodam, Elsevier.

Smith S.E., Read D.J. (2008): Mycorrhizal Symbiosis. 3" Ed..,
Amsterodam, Elsevier.

Tajini F., Trabelsi M., Drevon J.-J. (2012): Combined in-
oculation with Glomus intraradices and Rhizobium tropici

CIAT899 increases phosphorus use efficiency for symbiotic

nitrogen fixation in common bean (Phaseolus vulgaris L.).
Saudi Journal of Biological Sciences, 19: 157-63.

Tian C., Kasiborski B., Koul R., Lammers PJ., Biicking H.,
Shachar-Hill Y. (2010): Regulation of the nitrogen transfer
pathway in the arbuscular mycorrhizal symbiosis: gene
characterization and the coordination of expression with
nitrogen flux. Plant Physiology, 153: 1175-87.

Veresoglou S.D., Chen B., Rillig M.C. (2012): Arbuscular
mycorrhiza and soil nitrogen cycling. Soil Biology and
Biochemistry, 46: 53—62.

Received for publication August 20, 2015
Accepted after corrections March 24, 2016

Corresponding author:

Ing. Lucie Ku¢ovA, Mendel University in Brno, Faculty of Horticulture, Department of Vegetable Growing
and Floriculture, Valtickd 337, 69144 Lednice, Czech Republic; e-mail: xkucova@node.mendelu.cz

202



